To compare patients with sepsis due to obstructive urolithiasis (Sep-OU) and underwent drainage by percutaneous nephrostomy (PCN) or a double-J (DJ)-ureteral stent and to identify predictive risk factors of DJ stent failure in these patients. Materials and Methods: We reviewed our records from January 2013 to July 2018 and identified 286 adult patients with Sep-OU out of which 36 had bilateral involvement, thus total 322 renal units were studied. Urologic residents in training carried out both ureteral stenting and PCN tube placement. Demographic data and stone characteristics were recorded along with Charlson comorbidity index. For predicting risk factors of DJ stent failure, those variables that had a p-value <0.1 in univariate analysis were combined in a multinomial regression analysis model.
INTRODUCTION
Urgent decompression of the urinary collecting system is required in patients with obstructive urolithiasis in two main scenarios: in presence of urinary tract infections and when patient is in anuria. There are two popular methods a definitive answer [2, 3] . The choice of method to drain an obstructed infected system thus usually depends upon the urologist's personal preference, institutional practice, familiarity with procedure and person doing the procedure (junior/senior resident, radiologist or urologist himself). It has been our experience that in certain cases of sepsis due to obstructive urolithiasis (Sep-OU) despite the placement of a DJ stent, there is inadequate system drainage and persistent features of sepsis and a PCN has to be placed. We thus conducted this study to study the pattern of drainage of collecting system in patients with Sep-OU and to study predictive risk factors of DJ stent failure in such cases. The persistence of sepsis due to inadequate system drainage was considered as failure of a DJ stent.
MATERIALS AND METHODS
We retrospectively reviewed our prospectively maintained database for adult patients (>18 years age) with Sep-OU who underwent either DJ stent placement or PCN placement from January 2013 to July 2018. The Institutional Ethical Committee approved the study protocol (approval number: 3204/Ethics/R-cell-18). Informed consent was taken from the patient.
The definition of sepsis was based on the third international consensus definitions for sepsis. This defines sepsis as a 'life-threatening dysfunction of organs caused by a dysregulated response of the host to infection' . The parameters used to assess organ dysfunction include Glasgow coma scale, total leucocyte counts, platelet counts, serum creatinine and bilirubin [4] . These parameters were recorded within 24 hours of admission.
Urology senior residents in training usually place both DJ stent and PCN at our institute; only in rare cases do the consultants carry out these procedures. We thus included only those cases that were performed by urology residents. As both procedures are regularly done at our department familiarity with procedures is not an issue. Although urology residents carry out the procedure, the choice of procedure is the discretion of the consultant urologist in charge. If it is decided to place a DJ stent and attempts to place it fail, then PCN is placed. In patients who cannot be placed in a lithotomy position PCN is placed. Also in patients in whom there are persistent signs of sepsis and the system is not drained despite placement of a DJ stent, a PCN is placed.
A DJ stent is placed under local anesthesia with a 20F sheath and 30 degree telescope. The patient is laid in lithotomy position. We place a 5F or 6F DJ stent. A 0.035-inch guide-wire is first introduced into the collecting system and then the DJ stent is introduced over it. This is done under fluoroscopic guidance. We routinely place a Foley catheter in these patients.
PCN is also placed under local anesthesia with the patient in prone position. The puncture is done using Accuson X-300 (SIEMENS Healthineers, Erlangen, Germany) ultrasound scanner and a guide-wire is introduced into the collecting system. A 12F or 14F PCN is then placed over the guide-wire under fluoroscopic guidance. Contrast is instilled into the system via PCN to confirm its position if there is any uncertainty regarding it.
We recorded the patient age, sex, stone location, size, laterality and Charlson comorbidity index (CCI). We also identified 20 patients in whom a PCN had to be placed after failure of DJ stent.
The continuous data was presented as median and interquartile range and categorical data with percentage. Chi-square test was used f or categorical data and independent sample t-test for continuous data. For the purpose of analyzing risk factors for DJ stent failure we combined those variables with p-value <0. 1 in a multinomial risk adjusted regression analysis to identify significant variables. All statistical analysis was done using IBM SPSS Statistics ver. 21.0 software (IBM Co., Armonk, NY, USA).
RESULTS
A total of 286 patients were included in the study and 36 patients (12.6%) had bilateral involvement. The total renal units studied were thus 322. The patient and stone characteristics are described in Table 1 . The most common stone location was upper ureteric (36.0%). When compared to patients with DJ stent placement the patients with a PCN were older (p=0.001) and had a greater stone size (p=0.018). PCN was placed more of ten in patients with a upper ureteric calculi. Both groups of patients were comparable in terms of sex, multiple calculi, CCI and lower ureteric stone location ( Table 2) .
Out of the 144 patients who had a DJ stent placed for Sep-OU, 20 had failure i.e., a PCN had to be placed due to non-resolution of sepsis and persistent obstruction. On univariate analysis it was found that in patients with DJ stent failure the stones were larger (p=0.015) in size and multiple (p=0.002). These were the only two significant factors. DJ stent failure was more in patients with a renal calculus (20%) with an odds ratio (OR) and 95% confidence interval (CI) of 2.375 and 0.905-6.233 respectively, but it was not statistically significant (p=0.073). On combining factors 
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in a multinomial regression model the two significant factors for
DISCUSSION
Decompression of urinary tract in presence of Sep-OU is an emergency procedure. Usually it has to be done with a DJ stent or PCN placement before any definitive management for relief of obstruction can be carried out. The choice of procedure among the two usually has to be individualized in absence of any clear guidelines demonstrating the superiority of one procedure over the other [5] [6] [7] .
While DJ stenting is usually done by a urologist, PCN placement may be done by a urologist or an intervention radiologist [8] . In King George's Medical University urologists do both procedures. Usually in teaching institutes these procedures are done by urologic residents. In our study also we included only those patients who had the DJ stent or PCN placed by residents.
There are few studies comparing DJ stent with PCN placement in the setting of Sep-OU. Most of these studies are observational and retrospective [9] [10] [11] . The two prospective studies comparing DJ stent with PCN have conflicting results. While one study demonstrated clear superiority of PCN, the other could not demonstrate the benefits of one procedure over the other [3, 12] .
The choice of procedure thus remains at the clinician's discretion. The perceived advantage of DJ stenting is its lesser rate of infection, better patient comfort and its shorter procedural time. The disadvantages of DJ stent placement include more dysuria, hematuria, urgency, analgesic requirement and delay in definitive management. Also usually it has to be placed without anesthesia, which may be discomforting for the patient [10, 12, 13] .
On the other hand PCN placement presumably provides Values are presented as number only, number (%), or median (interquartile range). better drainage and may be suitable for patients in whom eventual percutaneous management of the calculi is contemplated, but has poorer patient acceptance, requires more care (dressings) and has longer hospital stay [3, 9, 10] . We feel that there is no doubt that PCN provides better drainage of an infected system. The question remains that whether it is superior to DJ stent in Sep-OU? We found that 20 out of 144 patients (13.9%) who had a DJ stent placed initially had failure, and a PCN had to be placed. To identify the subset of patients that could benefit from PCN insertion straightaway we carried statistical analysis of factors associated with DJ stent failure and found that PCN would be a suitable initial procedure of choice in patients with multiple stones and larger stones. Although renal stones were not significant predictor of DJ stent failure we feel that a PCN would be better if percutaneous management of the calculi is planned. Obviously, in patients with a bleeding disorder a DJ stent placement would be apt.
The greatest limitation of our study is its retrospective nature. Also there is heterogeneity in patient selection as individual preferences of a urologist play a role in selection of method to drain the obstructed system. On comparing patients with PCN and DJ stent there was clearly a trend in our patients for PCN to be placed in those with greater stone size and older age. Thirdly, the data of this study may not apply to the western population as the patients present late to us and usually have frank pyonephrosis with thick pus in the collecting system that may contribute to DJ stent failure.
The strength of our study lies in its simplicity and the fact that both procedures were carried out by a same cohort (urologic residents). We focused our analysis on three major stone characteristics viz. number, location and size.
CONCLUSIONS
To conclude our study demonstrates that in patients with Sep-OU if there are multiple calculi and larger stones then probably PCN placement rather than a DJ stent is a better alternative. Obviously, a prospective randomized study with better power would be required to substantiate our results. Values are presented as median (interquartile range) or number (%). 
